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Abstract 
The knee joint is one of the most important voluntary organs of the human body. Modelling and simulating it under various stress 
and strain conditions can help us understand its mechanical behavior to a better extent. We have attempted to model the knee joint 
and analyze it under varying loads to get an indication about the fatigue life of the joint. The study of the normal knee under cyclic 
loading helps us know more about the life of the assembly. Fatigue analysis can help us understand the cause of various knee joint 
disorders.  It would enable us to design better ways to tackle the problems faced by patients suffering from such disorders. Moreover 
this prototype can be used as a reference for comparing the various treatments recommended to the patients, enabling us to find the 
best treatment for such disorders. 
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1. Introduction 
The knee joint is one of the more vital parts of the human body. It is also one of the more engaged voluntary part of 
the body, especially due to our tendency to move. Essentially, this constant engagement with body functions makes it 
very prone to degradation. While the joint does have regeneration capability, this ability reduces over ageing and 
constant heavy loading. The condition can then be incurable. We have modelled a normal knee joint and found its 
fatigue levels. Moreover, points having lower factor of safety and margin of safety have been identified along with 
the fatigue life of the system with the help of simulations.  
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Fig. 1. Knee joint model-1- Anterior Cruciate Ligament (ACL), 2- Posterior Cruciate Ligament (PCL), 3(black segments) - Medial Cruciate 
Ligaments (MCL), 4(grey segments) - Lateral Cruciate Ligaments (LCL), 5- Femur, 6- Tibia, 7- Patella, 8- Quadriceps Tendon, 9- Patellar 
Tendon 1 
Since not a lot of research has been done on the knee joint to understand its mechanism, we decided to take the 
initiative. Ligaments play a vital role in the mechanics of the knee joint, just like tendons and cartilages. Moreover, 
more than 20% of the arthritic patient pool, the most common of bone disorders, studied showed torn ligaments2.  This 
shows that ligaments do indeed play a role in prevention of cartilage damage by holding the whole assembly firm. 
Using CT image of a healthy patient, we have generated a 3D model which we analysed using ANSYS software. 
Using mechanical properties of bones as well as ligaments and tendons we have performed various tests to calculate 
not only the stress and strain regions on a normal knee joint but also the safety factors, safety margins and life of the 
model. The forces were given in such a way that the movement emulated that of a real knee. Varying forces with a 
range of 10-1010N were applied and mode was studied under these forces. The system results are positive and 
encouraging when compared to other data available. Thus our major point of interest- ligaments are studied under 
these loads.  
2. Method 
The CT images were procured from a local Imaging Centre. These images were viewed using a DICOM viewer. 
Using knowledge of the knee anatomy and CT image, the 3D model was generated in ANSYS. Once imported, it was 
modified again for optimizing design as shown in Fig. 2. Ligaments and tendons were designed using reference 
diagram as in Fig. 1. Mechanical properties related to the ligaments, tendons and the bones were fed from available 
literature. Data required to perform fatigue tests though wasn’t completely available. Here, formula was used to feed 
the data on alternating R-stress ratio. 
Once data was fed to the system, the model was first subjected to different magnitudes of forces. The model was 
redesigned and optimized to get the desired movement, for the face where the force was being applied as shown in 
Fig. 3. The ratio of the force with respect to different axes was noted and further tests were performed using this ratio. 
The material properties used are given in Table I. Using these values in accordance with the endurance value, along 
with endurance limit formula3, we fed the parameters for cyclic loading. After solving for varying loads, the readings 
were noted and respective graphs were generated. 
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            Fig. 2: Geometry including ligaments and tendons                  Fig. 3: Face selection for force (red) and support (blue)         
                                   Table I. Properties of the materials4, 5, 6, 7, 8. 
 
Parameter/
material 
Young’s 
Modulus 
Poisson’s 
Ratio 
Tensile Yield 
Strength 
Ultimate Tensile 
Strength 
MPa - MPa MPa 
Bone 100000 0.46 130 200 
Ligaments 50 >0.5 212 250 
Tendons 130 0.45 211 218 
3. Results 
The stress strain analysis was performed along with analysis for safety factors, safety margin, deformation, and 
life. Since we have not designed the cartilage due to lack of data, the total deformation is more than that of a model 
having both ligaments along with the menisci functioning.  
 
 
         Fig. 4: Deformation under load condition of 484.78N   Fig. 5: Stress Safety Factor under load condition of 484.78N 
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     Fig. 6. Equivalent Stress under load condition of 484.78N     Fig.7. Equivalent Strain under load condition of 484.78N 
 
           Fig. 8: Load (N) vs. Life (Million cycles)                                                  Fig. 9: Load (N) vs. Life (Safety Factor) 
The graphs shown in Fig. 8-13 show the parameters being monitored react to changes in force exerted on the model. 
Since the force is applied on the face near the upper part of the model, the deformation is maximum in that region. 
The resultant static force magnitude ranged from 10N to 1010N. The various parameters were monitored under 
varying loads. The results show distinctively that under loading, the ligaments and tendons indeed do get strained. 
Fig. 4 and Fig. 11 show deformation monitoring. The Fig. 11 shows that as force is increased, the deformation 
increases. However, as can be referred from Fig. 9, the increasing force, affects the life of the assembly. As cyclic 
load magnitude goes on increasing, the life (in Million cycles) goes on decreasing. As seen in Fig. 9 and Fig. 10, the 
safety factors and safety margin also decrease exponentially. The fatigue initiates in the MCL at the point where the 
two ligaments cross paths. Stress is high in regions of connections between the ligaments and the bone surfaces. Strain 
is also very high in ligaments as they try to avoid deformation. 
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     Fig. 10: Load (N) vs. Stress Safety Margin                                  Fig. 11: Load (N) vs. Maximum Deformation (cm)       
The stress and strain in the ligaments increase as force in increased. In our study, we found the life to go down 
from 1.2 million cycles to 9531 cycles as force increased from 10N to 1010N. Thus they are at a risk of fatigue, 
especially under high cyclic loads. 
                                                    
Fig. 12: Load (N) vs. Stress Safety Margin                          Fig. 13: Load (N) vs. Maximum Angular Deflection (T̊) 
4. Conclusion  
The fatigue values of the knee joint and its safety margins were deduced. These values help us to understand the 
limits of the joint. In making the model we have addressed a previous limitation of modelling without ligaments9.As 
shown in the simulations generated, the ligaments and tendons are indeed the part in the assembly with lowest safety 
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factor, meaning they are most prone to degenerate, rendering the bones less firm in their position, leading to wearing 
of the cartilages, hence causing degeneration of the assembly. Since ligament injury can galvanize the degeneration 
rate causing the joint to react erratically and hence fail the joint, we can now attempt to design solutions that help 
increase the life of the joint under varying loads and help delay the degeneration procedure. 
5. Future Scope 
The model can be further optimized by gathering MRI image which would provide us with data related to cartilages. 
This would be a very accurate attempt in getting fatigue data. Arthritis is one of the more common disorders humans 
suffer from. It is a degenerative process and usually is characterized by severe pain and deformities. While the 
condition is deemed incurable, we believe the process can be slowed down. Using this prototype of fatigue analysis 
as reference, we wish to design better treatments such as supportive braces for the patient which can help delay the 
process of degeneration, increasing the life of the joint under the various loads.  These braces will be specific to 
arthritic patients and would be non-invasive. The prototype can also be useful in comparing various treatment 
modalities like braces, shoes, and occupational therapies, so as to understand which of these may be the best solution 
for the patient, making the approach more personalized. Since surgery and pain killers, the usual prescriptions to 
patients, are not the ideal solution for the patient in terms of cost as well as mental stress, this data would prove helpful 
in designing solutions that can be cheap and readily acceptable to the patient. These solutions could either be pain 
relieving for patients or be helpful in delaying the degeneration process in people who might suffer from the disease 
in future.  
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